

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Low / High 
Function Related disease Ref. 









tubulus) & red 
blood cells 
Water Water reabsorption Defective urinary concentrating 
[14, 15] 

























AQP4 Brain Water 
Cell adhesion, 
water level 
regulation in brain 
Upregulation in brain 
infection and trauma 
[21, 22] 
AQP5  Water Fluid secretion by salivary 
Dry eyes and mouths 
in an autoimmune 
disease due to 
decreased expression 
[23] 
AQP6 Intracellular vesicles Water & Anions Acid secretion  
[24] 




AQP8 Intracellular vesicles Water & ammonia   
[26] 
AQP9 Liver Water & glycerol Glycerol uptake, gluconeogenesis Obesity 
[25, 27] 
AQP10 Small intestine Water & glycerol, urea   
[28, 29] 
AQP11  None   [30] 














































































































































































































































































































































































































































































































































































































































































































Aquaporin Resolution 3D (Å) Method Year 
PDB 
entry Reference 
AQP0 1.9 Electron crystallography 2004 1SOR [13] 
AQP1 3.8 Electron crystallography 2000 1FQY [36] 





2001 1H6I [38] 
AQP1 2.2 X-ray diffraction 2001 1J4N [10] 
AQP2 4.5 Electron crystallography 2005 
Not 
atomic [39] 
AQP4 1.8 X-ray diffraction 2009 3GD8 [40] 
AQP4M23 3.2 Electron crystallography 2006 2D57 [21] 
AQP4 2.8 Electron crystallography 2009 2ZZ9 [41] 
AQP5 2.0 X-ray diffraction 2008 3D9S [42] 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Localization Evidence (Proposed) Function Date Ref. 
Rat retina AQP6 RT-PCR Glia-mediated osmo and ion regulation 2011 [56] 
Secretory vesicle G-protein mediated water channel (AQP6) Synaptic vesicle swelling 2011 [54] 
Secretory vesicle AQP6, vH+-ATPase 
Vesicle acidification for AQP6 
mediated gating of water into synaptic 
vesicles 
2010 [57] 




Outer hair cell motility, modulating 
OHCs’ responses (because water and 
anion) permeable 
2010 [58] 
Rat Kidney Rat kidney cDNA library Distinct from AQP0, AQP2 and AQP5 2009 [24] 
Kidney collecting duct Pull-down by calmodulin 
Calmodulin binding 
Putative N-terminal binding site 2009 [59] 
Gastrointestinal tract RT-PCR and immunoblotting 
55 kDa band – AQP6 dimer 
Movement of water and anions 2009 [60] 




Secretion of anions 
Hg2+ enhanced 2009 [61] 
Intracellular vesicles 
of the stria vascularis, 
endolymphatic sac, 
vestibule, rat inner ear 
RT-PCR, 
immunolocalization No expression in plasma membrane 2008 [62] 




Secretory granules, water and anion 
transport in plasma membranes near 
tight junctions 
2008 [63] 
Rat kidney type-A 
intercalated cells of 
the collecting duct 
A: like rat AQP6 
B: no function as 
water or anion channel 
Two splice variants in mouse, 
regulated age and tissue specific 2007 [64] 
Human inner ear Immunoblotting 
AQP6: apical portion of interdental 
cells in the spiral limbus, 
Inner ear water homeostasis 
2007 [55] 
Renal collecting ducts N-terminus is critical for trafficking 
Exclusively localized intercellular 
vesicles in acid secreting type-A 
intercalated cells 
2006 [53] 
Synaptic vesicles Immunoblotting Vesicle swelling AQP1 and AQP 6 2005 [65] 
Genetics AQP6 mutation Causes Diabetes insipidus?  2005 [66] 
AQP6 water and 
anion channel? Review 
Water channel function of AQP6 
cannot determined with confidence 2004 [67] 
Renal AQP Review From molecule to disease 2003 [68] 
Heterologous 
expression in 
transfected HEK cells 
GFP-AQP6 in plasma 
membranes 
pH induced anion currents 
High nitrate permeability, then Cl- 2002 [69] 
Heterologous 
expression on oocytes Patch clamp 
Hg2+ & low pH activates Cl- and Na+ 
channel, Cys155 and Cys190 
activation sites 
2002 [70] 
Expression in rat 
kidney Immunohistochemistry 
Inner and outer medullar collecting 
ducts: intercalated cells, cells also 







Exclusively intracellular vesicles 
expression is regulated by altered 
acid/alkali load or water balance, 
AQP6 may contribute to maintenance 

































































































































































































































































































































































































































































































































































































































































System Finding Year Ref. 
Oocytes N60G in rat AQP6 eliminates the 
anion permeability, 
Higher water permeability 
2005 [75] 
Oocytes Activated by Hg2+ 
Water, glycerol and urea uptake? 
2004 [78] 
HEK cells 
GFP-AQP6 in plasma 
membrane 
pH induced anion currents 
high nitrate permeability, then Cl- 2002 [69] 
Patch clamp Hg2+ or low pH activates 
Cl- and Na+ channel 
Cys155 and Cys190 activation 
sites 
2002 [70] 
Oocytes Function as anion channel 1999 [34] 
Mouse parotid acinar 
cells 

















































































































































































































































































































































































































































































































































































































































































































































































































































































4.5 Å 3D 
structure [39] 
AQP8 P. pastoris C-terminal 6xHis 
Electron 
crystallography 2D crystals [43] 
SoPIP2;1 
(spinach) P. pastoris Ion exchange 
Electron 
crystallography 
5 Å 3D 
structure [79] 
Rat AQP4 
Baculo virus / 
Sf9 insect 
cells 
Poly-His Electron crystallography 




P. pastoris  
X-33 cells 
N-terminal 
8xHis + flag + 
3C cleavage 
site 














exchange 3D crystallization 











AQPZ E. coli 
N-terminal 
6xHis 3D crystallization 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Open system, individual 
reaction conditions for each 
individual target protein like 
addition of detergents, lipids etc. 
Intensive optimization of 
reaction conditions required 
Direct translation of PCR 
products possible, high 
throughput screening 
High quality control of reaction 
components essential 
Production of toxic proteins, 
circumvention of cytotoxic 
effects 
Relatively high costs 
Miniaturization (e.g. 50 µl 
reaction), screening for ideal 
conditions 
Preparation of extracts 
necessary 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Protein Species Type Experiment Ref. 
5-HT3 Mouse Ligand gated ion channel Large-scale expression [113] 
P2X1, P2X2 Human Ligand gated ion channel Binding [114] 




Ste2p Yeast GPCR Binding 
[52] 
P2X2 Rat Ligand gated ion channel Electrophysiology 
P2Y2 Human GPCR Binding 
V2R Human GPCR Binding 
HCN2 Mouse Voltage gated cation 
channel 
Electrophysiology 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Plasmid DNA, linear  50 ng 
10x Transcription buffer  400 mM Tris-HCl pH 8.0 
120 mM MgCl2 
50 mM DTT 
RNAse inhibitor 0,1 U/µl 









































































































































































































































































































































































































































































































































































































































tRNA loading with amino acids 
Initiation, elongation, termination 
Plasmid DNA Template 
PEG800 
Mimics viscosity of cytoplasm 
Supposed to support stability of mRNA 
Enhances macromolecular crowding effects 
in CF extracts 
Mg2+ and K+ Enzyme activity: pyruvate kinase 
Acetate/glutamate Major anions in E. coli cytoplasm, affect protein/nucleic acid interactions 
DTT Stabilizes T7RNAP 
NTPs Substrates for T7RNAP for translation 
RNase inhibitor Protection of transcribed mRNA from degradation 
Complete protease inhibitor Proteolysis inhibition  
Amino acids 
Increased degradation of arginin, cystein, 
tryptophan, methionin and glutamate by 
residual metabolism in S30 extracts [94] 
Folinic acid Formation of initiator formyl-methionine 
Acetyl phosphate Secondary energy source, together with acetate kinase 
Acetate kinase 
Intrinsic compound of S30 extract, effective 
regeneration of ATP, not guaranteed with 
pyruvate kinase system alone [94] 













































































































































































































































































































































































































































































































































































Linear plasmid DNA 0.5 µg 
m7G(5’)ppp(5’)G-CAP 4 mM 
rNTP (GTP) 1 mM 
rNTPs (ATP, CTP, UTP) 5 mM 
10x SP6 buffer 1 x 
SP6-RNA polymerase 1 x 
RNase inhibitor 1 x 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Cuvette 0.4 cm 
Voltage 1.5 kV 
Capacity 25 µF 
Resistance 200 Ω 	
  	
  

































































































































































































































































































































































































































































































































































































































































































rAQP6 Cell free 6xHis 282 29.665 38.055 
rAQP6 Cell free TA, 6xHis 300 31.893 44.015 
rAQP6 SFV 6xHis 283 29.755 38.055 



















































































































































































































































































































































































































































































































































































































































































































































Name Abbreviation Description 
E. coli polar lipid extract E. coli lipids 67 % (w/w) PE 
23.2 % (w/w) PG 
9.8 % (w/w) CA 
Brain polar lipids extract (porcine) Brain lipids 12.6 % (w/w) PC 
33.1 % (w/w) PE 
4.1 % (w/w) PI 
18.5 % (w/w) PS 
0.8 % (w/w) PA 
30.9 % (w/w) unknown 
1,2-dimyristoyl-sn-glycero-3-
phosphochpoline 
DMPC 14:0 PC 
1,2-dioleoyl-sn-glycero-3-phosphate DOPA 18:1 PA 
1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine  




POPE 16:0-18:1 PE 
 
Mixture of three lipids, containing 
POPC as major component 
 
POPC-mix 70 % POPC 
15 % DOPA 
15 % POPE 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































# Tag name Sequence % GC 
Result 
expression 
1 Shifted His aaatcatcatcatcatca 28 + 
2 R aaagtcatccttgtaatc 44 o 
3 AT aaatattataaatattat 0 +++ 
4 G aaaagtaaaggagaagaa 28 o 
5 TEV agagaacctgtacttcca 44 o 
6 iAT aaataatatttataata 0 +++ 
7 Shifted AT aatattatatatttatat 0 +++ 
8 T7 acccatttgctgtccacccgtcatgctagccat 55 o 
 Hybridization 
sequence 








































































































































































































































































































































































































































































































































































































































































































































































































































































Detergent Conc. P-CF Conc. D-CF Result P-CF Result D-CF 
LPPG 2 % - +++ n/a 
LMPG 2 % - +++ n/a 
Fos-16 1 % - + n/a 
DPC 1 % - ++ n/a 
DDM 2.5 % 0.2 % +++ ++ 
Beta-OG 3 % 2 %; 1.2 % + o; ++ 
Triton X-100 2.5 % 1 % + ++ 
Brij35 - 0.5 %; 1 % n/a +++; ++ 
Brij78 - 0.5 %; 1 % n/a +++; ++ 
Digitonin - 0.5 % n/a + 
SDS 2 % - +++ n/a 	
  	
  



















































































































































































































































































































Purification Buffer pH 
Yield 
mg/ml 
D-CF 0.2 % DDM 0.05 % DDM Tris pH 7.4 0.1 
D-CF 0.5 % Brij35 0.05 % DDM Tris pH 7.4 0.6 
D-CF 0.5 % Brij35 1.2 % OG Tris pH 7.4 0.5 
P-CF 2 % LMPG 0.05 % DDM Tris pH 7.4 0.7 






































































































































































































































































































































































































































































































































D-CF 0.2 % DDM 0.05 % DDM Broad peak 12 ml 
D-CF 0.2 % DDM 1.2 % OG Aggregates 
D-CF 0.5 % Brij35 0.05 % DDM Aggregates 
D-CF 0.5 % Brij35 1,2 % OG Aggregates 
P-CF 2 % LMPG 0.05 % DDM Aggregates 
P-CF 2 % LMPG 1.2 % OG Aggregates 
P-CF 0.2 % DDM 0.05 % DDM Aggregates 
P-CF 0.5 % DDM 0.05 % DDM Aggregates 
P-CF 2 % OG 1.2 % OG Aggregates 
P-CF 4 % OG 1.2 % OG Aggregates 	
  




































































































































































































































































































































































































































































































































































































































lipids 10 P-CF, OG 
AQP6 in lipid 
fraction No insertion 
E. coli polar 1; 10; 100 D-CF, DDM; OG 
AQP6 in lipid 
fraction No insertion 
E. coli polar 1; 10; 100 P-CF, OG AQP6 in lipid fraction No insertion 
POPC-mix 1; 10; 100 P-CF, OG AQP6 in lipid fraction No insertion 
POPC-mix 1; 10; 100 D-CF, DDM; OG 
AQP6 in lipid 
fraction No insertion 
DOPC 1; 10; 100 D-CF, DDM AQP6 in lipid fraction No insertion 	
  










































































































































































































































































Lipid Concentration (mg/ml) Detergent 
Result 
E. coli polar 1.5 - Insertion ++ 
DOPC 2.8 - Insertion + 
DOPC 3.8 - Insertion ++ 
DOPC 3 - Insertion + 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Condition k (s-1) Pf (µm/s) 
AQP6 L-CF DOPC 3.5 28.5 ± 1.6 
AQP6 L-CF DOPC + Hg2+ 2.7 21.8 ± 2.9 
DOPC lipids, empty 
liposomes 















































































































































































































































































































































































































































































































































































































































































































































































































































































Component Final concentration Volume (µl) 
ATP 1 mM 0.6 
CTP 1 mM 0.6 
UTP 1 mM 0.6 
GTP 0.25 mM 0.75 
Cap analogue 1 mM 0.6 
10 x SP6 Buffer 1x 6 
Linear template DNA 0.5 µg 10 
RNase Inhibitor 1 U/µl 0.5 
Enzyme mix – SP6 500 U/ml 2 	
  




































































































































































Voltage 360 V 
Capacity 75 µF 
Resistance ∞ 

































































































































































































































































































































































































Cell line Expression level Expression temp. (˚C) 
BHK +++ 37 
CHO5 o 37 



























































































































































































































































































Detergent Concentration Solubilization rate 
Beta-OG 4 % ++ 
DDM 1 % +++ 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































Detergent Buffer pH Gel filtration Comment 
OG NaPi 8.0 Aggregates - 
DM NaPi 8.0 Aggregates No solubilization 
OG NaPi 8.5 Aggregates - 
OG Tris-HCl 7.5 
Aggregates, but 
additional tetramer 
and monomer peak 
Best condition 
DDM Tris-HCl 7.5 Aggregates - 








































































































































































































































































































































































































































































































































































































































































































































Lipid LPR (w/w) Result Figure 3.26 
E. coli polar 1 Insertion D, E 
E. coli polar 10 Insertion F 
E. coli polar 100 Very few particles n.a. 
DMPC 10 No insertion n.a. 
DMPC 100 No insertion n.a. 
POPC-mix 1 Few particles C 
POPC-mix 10 Few particles B 





















































































































































































































































































































































































































































































































































Condition Temp ˚C Radius (µm) k Pf (µm/s) 
AQP6 E. coli lipids 10 115.5 2.1 22.0 ± 7.1 
AQP6 E. coli lipids + Hg2+ 10 115.5 1.5 15.4 ± 4.3 
Control 
E. coli lipids [80] 10 56.5 10.7 55.9 ± 3.7 
Control 
E. coli lipids [147] 5 65 2.4 5.1 ± 0.8 
Control 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Peptide Position of amino acids Region 
SFGPAVIVGK 197 - 206 Extracellular loop E  
LAILVGTTK 243 - 251 C-terminal cytoplasmic 
LAILVGTTKVEK 243 - 254 C-terminal cytoplasmic 
VVDLEPQK 255 - 262 C-terminal cytoplasmic 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Strain Genotype Reference 
E. coli BL21 (DE3) hsdS, gal (λcI, ts857, cnd1, 
hsdR17, recA1, endA1, 
gyrA96, thi-1, relA1) 
[154] 
E. coli DH5α (F-,endA1, hsdR17 (rk-mk-), 
supE44, thi-1, recA1, gyrA 
(Nalr), relA1, Δ(lacZYA- 
argF)U169, Φ80lacZΔM15) 
[155] 
E. coli K-12 strain A19 (rna19 gdh A2 his95 relA1 
spoT1 metB1) 
E. coli Genetic stock center, 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































M  K  Y  Y  K  Y  Y  L  Q  V  L  F  Q  G  P  N  S  K  M  
tctcctgggctgtgtaacagggcttacctgctggttggcgggctttggaccgccatcagc 
 S  P  G  L  C  N  R  A  Y  L  L  V  G  G  L  W  T  A  I  S  
aaggcgctttttgctgagttcctggccacagggctgtacgttttctttggtgtgggctcc 
 K  A  L  F  A  E  F  L  A  T  G  L  Y  V  F  F  G  V  G  S  
gtcctgccctggcccgtggcgcttccctctgtgttgcaggttgccatcacgttcaacctg 
 V  L  P  W  P  V  A  L  P  S  V  L  Q  V  A  I  T  F  N  L  
gccacagccacagctgtgcagatctcctggaagaccagcggggcccacgccaaccccgct 
 A  T  A  T  A  V  Q  I  S  W  K  T  S  G  A  H  A  N  P  A  
gtgaccctggcctacctcgtgggatcccacatctctctgccccgggctgtggcctacata 
 V  T  L  A  Y  L  V  G  S  H  I  S  L  P  R  A  V  A  Y  I  
gctgctcagctggctggggctacagttggggctgctcttctttatggggtaactccagga 
 A  A  Q  L  A  G  A  T  V  G  A  A  L  L  Y  G  V  T  P  G  
ggtgtccgagagacccttggagtcaacgtggtccacaacagcacctcgactggccaggcg 
 G  V  R  E  T  L  G  V  N  V  V  H  N  S  T  S  T  G  Q  A  
gtggccgtggagctggttctgacgctgcagttggttctctgtgtctttgcttccatggac 
 V  A  V  E  L  V  L  T  L  Q  L  V  L  C  V  F  A  S  M  D  
agtcggcagaccttgggctccccagctgccatgattgggacctctgtggcactgggccat 
 S  R  Q  T  L  G  S  P  A  A  M  I  G  T  S  V  A  L  G  H  
ctcattgggatctacttcactggctgttccatgaacccagctcgctccttcggccctgcg 
 L  I  G  I  Y  F  T  G  C  S  M  N  P  A  R  S  F  G  P  A  
gtcattgttgggaagtttgcagtccattggatcttctgggtaggaccgctcacaggggct 
 V  I  V  G  K  F  A  V  H  W  I  F  W  V  G  P  L  T  G  A  
gtcctggcttcgctgatctacaactttatcttgtttcctgacaccaagaccgtagcccag 
 V  L  A  S  L  I  Y  N  F  I  L  F  P  D  T  K  T  V  A  Q  
cgattggccatccttgtgggtaccacaaaggtggagaaagtggtagacctggagccccag 
 R  L  A  I  L  V  G  T  T  K  V  E  K  V  V  D  L  E  P  Q  
aagaaagaatcacagacgaactcagaggacacagaagtgagcgtgcaccatcaccatcac 
 K  K  E  S  Q  T  N  S  E  D  T  E  V  S  V  H  H  H  H  H  
cattaactcgag 





























M  S  P  G  L  C  N  
agggcttacctgctggttggcgggctttggaccgccatcagcaaggcgctttttgctgag 
 R  A  Y  L  L  V  G  G  L  W  T  A  I  S  K  A  L  F  A  E  
ttcctggccacagggctgtacgttttctttggtgtgggctccgtcctgccctggcccgtg 
 F  L  A  T  G  L  Y  V  F  F  G  V  G  S  V  L  P  W  P  V  
gcgcttccctctgtgttgcaggttgccatcacgttcaacctggccacagccacagctgtg 
 A  L  P  S  V  L  Q  V  A  I  T  F  N  L  A  T  A  T  A  V  
cagatctcctggaagaccagcggggcccacgccaaccccgctgtgaccctggcctacctc 
 Q  I  S  W  K  T  S  G  A  H  A  N  P  A  V  T  L  A  Y  L  
gtgggatcccacatctctctgccccgggctgtggcctacatagctgctcagctggctggg 
 V  G  S  H  I  S  L  P  R  A  V  A  Y  I  A  A  Q  L  A  G  
gctacagttggggctgctcttctttatggggtaactccaggaggtgtccgagagaccctt 
 A  T  V  G  A  A  L  L  Y  G  V  T  P  G  G  V  R  E  T  L  
ggagtcaacgtggtccacaacagcacctcgactggccaggcggtggccgtggagctggtt 
 G  V  N  V  V  H  N  S  T  S  T  G  Q  A  V  A  V  E  L  V  
ctgacgctgcagttggttctctgtgtctttgcttccatggacagtcggcagaccttgggc 
 L  T  L  Q  L  V  L  C  V  F  A  S  M  D  S  R  Q  T  L  G  
tccccagctgccatgattgggacctctgtggcactgggccatctcattgggatctacttc 
 S  P  A  A  M  I  G  T  S  V  A  L  G  H  L  I  G  I  Y  F  
actggctgttccatgaacccagctcgctccttcggccctgcggtcattgttgggaagttt 






 A  V  H  W  I  F  W  V  G  P  L  T  G  A  V  L  A  S  L  I  
tacaactttatcttgtttcctgacaccaagaccgtagcccagcgattggccatccttgtg 
 Y  N  F  I  L  F  P  D  T  K  T  V  A  Q  R  L  A  I  L  V  
ggtaccacaaaggtggagaaagtggtagacctggagccccagaaganagaatcacagacg 
 G  T  T  K  V  E  K  V  V  D  L  E  P  Q  K  X  E  S  Q  T  
Aactcagaggacacagaagtgagcgtgcaccatcaccatcaccatgattaactcgagttc 




























M  E  P  G  L  C  N  
agggcttacctgctggttggcgggctttggaccgccatcagcaaggcgctttttgctgag 
 R  A  Y  L  L  V  G  G  L  W  T  A  I  S  K  A  L  F  A  E  
ttcctggccacagggctgtacgttttctttggtgtgggctccgtcctgccctggcccgtg 
 F  L  A  T  G  L  Y  V  F  F  G  V  G  S  V  L  P  W  P  V  
gcgcttccctctgtgttgcaggttgccatcacgttcaacctggccacagccacagctgtg 
 A  L  P  S  V  L  Q  V  A  I  T  F  N  L  A  T  A  T  A  V  
cagatctcctggaagaccagcggggcccacgccaaccccgctgtgaccctggcctacctc 
 Q  I  S  W  K  T  S  G  A  H  A  N  P  A  V  T  L  A  Y  L  
gtgggatcccacatctctctgccccgggctgtggcctacatagctgctcagctggctggg 
 V  G  S  H  I  S  L  P  R  A  V  A  Y  I  A  A  Q  L  A  G  
gctacagttggggctgctcttctttatggggtaactccaggaggtgtccgagagaccctt 
 A  T  V  G  A  A  L  L  Y  G  V  T  P  G  G  V  R  E  T  L  
ggagtcaacgtggtccacaacagcacctcgactggccaggcggtggccgtggagctggtt 
 G  V  N  V  V  H  N  S  T  S  T  G  Q  A  V  A  V  E  L  V  
ctgacgctgcagttggttctctgtgtctttgcttccatggacagtcggcagaccttgggc 
 L  T  L  Q  L  V  L  C  V  F  A  S  M  D  S  R  Q  T  L  G  
tccccagctgccatgattgggacctctgtggcactgggccatctcattgggatctacttc 
 S  P  A  A  M  I  G  T  S  V  A  L  G  H  L  I  G  I  Y  F  
actggctgttccatgaacccagctcgctccttcggccctgcggtcattgttgggaagttt 
 T  G  C  S  M  N  P  A  R  S  F  G  P  A  V  I  V  G  K  F  
gcagtccattggatcttctgggtaggaccgctcacaggggctgtcctggcttcgctgatc 
 A  V  H  W  I  F  W  V  G  P  L  T  G  A  V  L  A  S  L  I  
tacaactttatcttgtttcctgacaccaagaccgtagcccagcgattggccatccttgtg 
 Y  N  F  I  L  F  P  D  T  K  T  V  A  Q  R  L  A  I  L  V  
ggtaccacaaaggtggagaaagtggtagacctggagccccagaaganagaatcacagacg 
 G  T  T  K  V  E  K  V  V  D  L  E  P  Q  K  X  E  S  Q  T  
aactcagaggacacagaagtgagcgtgcaccatcaccatcaccattaactcgag 
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